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Abstract

The important limiting factors in high-gradient
accelerator structure operation are dark current capture,
RF breakdown and electron multipacting. These processes
involve both primary and secondary electron field
emission and produce plasma and X-rays. To better
understand these phenomena, we have smulated dark
current generation and transport in a linac structure and a
square-bend waveguide, both high power tested at SLAC.
For these ssimulations, we use the parallel, time-domain,
unstructured-grid code Tau3P and the particle tracking
module Track3P. In this paper, we present numerical
results and their comparison with measurements on
energy spectrum of electrons transmitted in a 30-cell
structure and of X-rays emitted from the sguare-bend
waveguide.

INTRODUCTION

The X-Band linac R&D for the NLC focuses on
developing high gradient accelerating structures to
increase linac efficiency and thereby lower the machine
cost. In high power tests however, it was found that RF
breakdown and dark current generation have prevented
the structures from reaching their design gradients. These
limiting factors are complex processes for which
theoretical understanding is lacking especialy when they
occur in complicated 3D geometries. Recent
advances in paralel code development made by the
Advanced Computations Department (ACD) at SLAC
have led to a simulation capability for studying dark
current and RF breakdown in redlistic structures under
experimental conditions. A particle tracking module in
3D - Track3P has been developed with complete surface
physics included, which is interoperable with fields
generated either by the parallel eigensolver Omega3P for
standing wave structures, or by the time-domain field
solver Tau3P for traveling wave structures. We present
simulation results from Track3P/Tau3P to two
applications with measured data.

SIMULATION CODES

Tau3p

This code is a time-domain parallel solver [1], which
solve the Maxwell system
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Here E and H — electric and magnetic fields, D = € E,
B = p H — induction vectors, €, g - permittivity and
permeability of the media, J — excitation current

The numerical algorithm uses explicit scheme of finite
volume integration on unstructured grid.

Track3p
Particle tracking module [2] uses E and B fields from

Tau3p to push particles using the Boris scheme for the
motion equations:
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with particle injection given by
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where |5 — amplitude of the injection current, o - half-
width of the bunch, € and p - charge and mass of particle,
A; - repetition period, E, - injection energy, x - speed of
light, ¢ - phase of injection, w - circular frequency of the
fields, 1 - number of bunch, and
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SURFACE PHYSICS
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Therma emission is described by the Child-Langmuir

law
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where g5 — vacuum permittivity, & - distance from the
emitter surface where electric field is evaluated.

Field emission in high-gradient field is described by the
Fowler-Nordheim formula



e onsd S E 22

where ¢ - work function, 3 - field enhancement factor.

The model of secondary emission is characterized by
the ratio 0 = Isecondary/Iprimary = & + n + r, whichisa
function of the energy of incident primary particles g,;. It
includes the following components (Fig.1):

e 0- true secondary emission (0-50 eV); maximum

e ~2-4.5eV; width Ae ~12-15 eV;
N -non elagtic reflection (50 eV-g,,);
e r -¢elagticreflection (r = 0.05-0.5 for metals).
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Figure 1. Components of secondary emission.
We use the Lye-Dekker’s model [3] for true secondary
emission
=n
Om
where &, = 1.4, €,=2.5¢V, z, = 1.84, n=0.35.
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Figure 2. Normalized curve by Lye-Dekker.

SQUARE BEND SIMULATION

Square bend waveguide (Fig. 3a) used at NLCTA to
transport SLED |1 output power to structures. Electric and
magnetic fields are shown at Fig. 3b.

Electric field

Figure 3. Square Bend Waveguide a) and EM fields b).

High power test on a 90 degree square bend provided
measured X-ray data to alow the secondary emission

model in Track3P be Benchmarked on a simple
geometry
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Figure 4. Experimental and numerical data for
sguare bend waveguide. Red colour shows primary
particles, green — secondaries.

Good agreement between Track3P simulation and
measurement indicates high energy X-Rays seen in

experiments are due to elastically scattered secondary
electrons.

30-CELLSHIGH-GRADIENT
STRUCTURE

NLC X-band structure showing damage after high
power test [2].

Figure 5. Damage in X-band structure.

Realistic simulations needed to understand underlying
processes in the structure. Distributed model on a mesh of
half million hexahedral elements (Fig.6) for Tau3P
simulation of field evolution. Field distribution shown at
Fig.8, and dark current evolution at Fig.8.



Figure 6. Discrete partitioned model of 30-cell
structure with two couplers.

Figure 7. Field distribution in travelling wave structure.

Figure 8. Evolution of dark current process.
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Figure 9. Emission in the coupler area

Numerical simulation demonstrates good agreement
between experimental [4] and humerical data presented at
Fig.10. Next Fig.11 shows total current in output cross-
section which is about 5% of all emitted current in the
structure.
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Figure 10. Experimental and numerical datafor 30-cells
structure

Current in output cross-section

Figure 11. Total Current in Output Cross-Section.

CONCLUSIONS

Numerical simulations of Dark Current problem in
high-gradient accelerating structure help for better
understanding the physical phenomena in high power. It
will be useful for design of rf-components of future
Linacs.
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